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Taking into account the recent measurements of the branching ratios and CP asymmetries in the 
B — > 7T7T decays by the BABAR and BELLE collaborations, an amplitude analysis based on the 
isospin symmetry is reported. These data allow to get an independent determination of the CKM 
unitarity-triangle angle 7. One of the best-fit solutions gives the range 7 = (65 ±5)°, in excellent 
agreement with the global CKM fit within the Standard Model. The other parameters from this fit 
confirm the earlier analyses that the data on B — > tttt decays require various topological amplitudes 
(neglecting the electroweak ones) to be of comparable magnitude with large strong-phase differences. 



1 Introduction 

Recent experimental investigations of ex- 
clusive -B-meson decays provide a quanti- 
tative test of theoretical frameworks such 
as the QCD-Factorization 1,2 , perturbative- 
QCD (pQCD) 3 and Soft-Collinear Effective 
Theory (SCET) 4 - 5 . Data on the B -> tttt 
decays obtained by the CLEO, BABAR and 
BELLE collaborations have been averaged by 
HFAG 6 and are displayed in Table 1. We 
perform a phenomenological analysis of this 
data with the assumption of the isospin sym- 
metry among the decay amplitudes. There 
are several ways to go about it. A possi- 
bility is to assume that the CKM unitarity- 
triangle (UT) angles (3 and 7 are known from 
the global CKM fit of the Standard Model 
(SM) or from direct measurements elsewhere 
(for example, sin(2/3) from B — > J/ipK^ 
and 7 from the B — > irK decays). In this 
case, the isospin amplitude analysis allows to 
fix different topological contributions (color- 
allowed tree T, color-suppressed tree C, pen- 
guin P and electroweak-penguin Pew) origi- 
nated by strong interactions 7 . Alternatively, 
electroweak penguins in B — > tttt decays are 
assumed to be small and neglected, and the 
amplitudes are parameterized in terms of tree 
and penguin contributions only, enabling an 
independent complete amplitude analysis of 



Table 1. Current experimental data on the B — > tttt 
decays averaged by the HFAG e . Branching ratios are 
in units of 10 -6 . 



Quantity 


Average 


B(B+ -> 7T+7T ) 
B(B° -► 7T+7T-) 

B(B° -> 7r°7r°) 


5.5 ±0.6 

4.6 ±0.4 
1.51 ±0.28 


A C p(7T+7T ) 

AcpCtt+tt-) = -C+- 

7T7T 

AcpCttV) = -C°° 


-0.02 ±0.07 
0.37 ±0.11 

-0.61 ±0.14 
0.28 ±0.39 



the data (including the determination of 7). 
This is the generalization of our previous 
analysis 8 based on the B° — > 7r + 7r~ data 
alone and is the focus of this report. 

2 Theoretical Input 

The parameterization of the B — > tttt decay 
amplitudes in the c-convention is as follows: 
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where r c = \P C /T C \ and 5 C are the magni- 
tude and phase of the penguin-to-tree ratio, 
x c = \C C /T C \ and A c are the magnitude and 
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Table 2. The best-fit solutions of the x 2 -function for the parameters entering the B —> tttt decay amplitudes. 
The topological contributions T c , P c and C c are expressed in units of lO^A^, where N n = (Gp/Vfy m % fir — 
3.0xlO- 5 GeV. 
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phase of the color-suppressed to color-allowed 
amplitude ratio, respectively. These ampli- 
tudes satisfy the isospin relation: 

A+- + V2A m = V2A-°. (2) 

The same equation can be written for 
the charged-conjugate amplitudes A A , A 00 
and A +0 . 

The charged-conjugate averaged branch- 
ing ratios are related with the decay ampli- 
tudes as follows: 
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where the amplitudes have the dimension 
of a mass. Explicit expressions for the di- 
rect and mixing-induced S+~ CP asym- 
metries in the B° — ► 7r + 7r~ decays can be 
found in 8 and the same definitions for 
and are adopted for the B° -» 7r°7r° 
decay. In the limit of neglecting penguin 
contribution (P c = 0) in both decay modes, 
the CP asymmetries simplify greatly, yielding 
C+~ = C™ = and S+~ = S™ = sin(2a), 
where the CKM unitarity-triangle relation 
a + /3 + 7 = 7ris used. 

3 Results of the Fit 

The results of the fits within the physical 
ranges of the parameters: r c > 0, \5 C \ < 180°, 



x c > 0, |A C | < 180°, and < 7 < 180° 
at the fixed value — 23.3° are presented 
in Table 2, yielding four minimal points 
shown as fits I to IV. The last quantity pre- 
sented in Table 2 is the mixing-induced CP 
asymmetry 5°° in the B° — ► 7r°7r° decay. 
Note that |S°° | is numerically very close to 
the experimental world average sin(2/3) = 
0.726 ± 0.037 resulting from the analysis 6 
of the time-dependent CP asymmetry in the 
B — > J/tpK^ decays. The la intervals of a 
specific fitted parameter are obtained as the 
solutions of the equation x 2 = Xmin + 1 un ~ 
dcr the condition that all the fitted param- 
eters are kept at their central values except 
the considered one. 

Solution IV contains the extremely large 
value for the angle 7 which is in obvious 
contradiction with the global CKM fit value 
7 = (65±7)° obtained within the SM 8 . Small 
values for this angle are found in the best- 
fit solutions II and III which are also outside 
the range of the CKM fit. The solution I 
with r c = 0.51 ± 0.10, S c = (-39 ± 10)°, and 
7 = (65 ± 5)° is the only one which agrees 
well with the global CKM fitted value of 7. 

The graphical representation of all the 
solutions from Table 2 is shown in Fig. 1. 
If one introduces the angle 9 between A A 




Figure 1. The graphical representation of the best- 
fit solutions in the complex space of the B —* tttt 
decay amplitudes. The strong phases of the B + — » 
7r+7r° amplitude _4 +0 and the phase-shifted charged- 
conjugate one A~ = e +217 AT are chosen in such 
a way that both amplitudes are real and positive. 

and A^ = c +2 * 7 A^ and a similar one n 
between A 00 and A 00 , the present analysis 
leads to the following values: 

|0| = 19°, |0„|=26°, (4) 

for all the best-fit solutions in Table 2. 

The result (4) for 9 can be compared with 
the limits on this angle based on the isospin 
symmetry of the B — > tttt decay amplitudes. 
Several bounds on it are known at present: by 
Grossman and Quinn (GQ) 9 , Charles (Ch) 10 , 
and Gronau et al. (GLSS) 11 , and the corre- 
sponding bounds based on the current exper- 
imental data are presented in Table 3. 

In the papers 12,13 a new bound on the 
angle 7 from the time-dependent CP asym- 
metry in the B° — > tt + tt~ decay was derived. 
Note that a lower or upper limit results in 
dependence on either S£~ > — sin(2/3) or 
5+7 < -sin(2/3). As seen from Fig. 2, the 
value S+~ = — sin(2/3) (the dashed verti- 



Table 3. The isospin-based conservative bounds on 
the angle 6. 



Bound 


„ nci /n/^cons I /icons 1 

cos(2#) min \V max \ 


GQ 
Ch 
GLSS 


0.27 37.1° 
0.29 36.6° 
0.31 36.0° 




-1.0 -0.6 -0.2 „ , _ 0.2 0.6 1.0 
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Figure 2. The bounds on the UT angle 7 resulting 
from the recent data on the CP asymmetry in the 
B° — > 7r+7r — decay. The shaded vertical band is the 
recent experimental range of the mixing-induced CP 
asymmetry S^n ■ The dashed vertical line shows the 
position of the point = — sin (2/3) starting from 

which the lower limit on 7 can be applied. 

cal line) is inside the present experimental 
interval of S+~ (the shaded vertical band) 
and, hence, this bound can not be applied at 
present to constrain 7. 

4 Summary 

Present data on the B — * tttt decays al- 
low to perform a phenomenological isospin 
amplitude analysis in the limit of neglecting 
the electroweak-penguin contributions with- 
out any additional restriction on the UT an- 
gle 7. The fitting procedure results four 
best-fit solutions from which only one with 
7 = (65 ± 5)° is in agreement with the 
global CKM fit of the SM. The ratio of the 
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penguin-to-tree contributions r c = 0.51±0.10 
is now smaller in comparison with the pre- 
viously derived value 8 (r c = 0.77to' 5 3 l) and 
has moved in the direction of the typical pre- 
dictions of the dynamical models r c ~ 0.30. 
The phase of this ratio S c = (-39 ± 10)° 
can be well understood in the framework of 
the pQCD approach 14 while it remains prob- 
lematic within the QCD-Factorization 12 . Re- 
cent data support the abnormally enhanced 
color-suppressed contribution to the decay 
amplitudes: x c = 1.11 ± 0.10 and A c = 
(—56 ± 13)°, which are well correlated with 
the previous estimates 15 : x c = 1.22^o 21 an d 
A c = (— 71^26)°) obtained by applying the 
flavor SU(3) symmetry to the B — > tttt and 
B — > Kir modes". Such an enhanced color- 
suppressed contribution can not be success- 
fully explained within the current theoret- 
ical approaches, except possibly SCET as- 
suming dominance of the charming penguins. 
As for the electroweak-penguin contributions 
which were neglected in the present analy- 
sis but can be of potential importance 15 , re- 
cent theoretical analyses and updated exper- 
imental data 7 ' 17 reduce their size in decay 
amplitudes, decreasing the possibility of dis- 
covering new physics in charmless two-body 
£?-meson decays. 
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peared in which the updated values x, 
and A c = (— 57^?q)° have been obtained 
agree well with our best-fit solution I. 
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